MWAKIKUNGA, A.; ADEFOLAJU, G. A.; SCHEPARTZ, L. & HOSIE, M. J. Anastrozole promotes implantation by altering the expression of paxillin and FAK in rat luminal uterine epithelium. Int. J. Morphol., 38(1):165-175, 2020. SUMMARY: An alternative hyper-ovulator inducer to replace clomiphene citrate (CC) is needed as it is unsuitable for women with polycystic ovarian syndrome and is associated with low pregnancy rates. Anastrozole is an effective hyper-ovulator inducer, but has not been well researched. In order to determine the effectiveness of anastrozole as a hyper-ovulator inducer and to an extent compare it with CC in similar situations, this study ascertained the effects of these drugs on the expression of the focal adhesion proteins, paxillin and FAK, which are uterine receptivity markers in the surface luminal uterine epithelial cells of day 1 and day 6 pregnant Wistar rats. The results show that paxillin is localized in focal adhesions at the base of the uterine epithelial cells at day 1 of pregnancy whereas at day 6, paxillin disassembles from the basal focal adhesions and localizes and increases its expression apically. FAK is faintly expressed at the basal aspect of the uterine epithelial cells while moderately expressed at the cell-to-cell contact at day 1 in all groups from where it disassembles and relocates apically and becomes more intensely expressed at day 6 of pregnancy in untreated and anastrozole treated rats. Although paxillin is localized apically at day 6, its expression is significantly down-regulated with CC treatment suggesting its interference with the implantation process. These findings seem to suggest that anastrozole could favor implantation.
INTRODUCTION
The cytoskeleton is an internal framework of a cell, and its reorganization is an ongoing process when cells adhere, move or invade extracellular substrates. In order for cells to adhere, they employ focal adhesions (FAs) (Lele et al., 2008; Fabry et al., 2011) . The FAs are specialized structures formed where bundles of actin filaments are anchored to transmembrane integrins through a complex of adaptor and signaling proteins (Gilmore & Burridge, 1996) . FAs provide sites of mechanical attachment to the extracellular matrix (ECM) and are sites where adhesionassociated signal transductions are initiated (Fabry et al.) . The binding of ligands to integrins on the extracellular side promotes recruitment of various intracellular proteins to the cytoplasmic tails of integrins that mechanically link them to the actin cytoskeleton (Hirata et al., 2014) . Integrin signaling requires the non-receptor tyrosine kinase activities of the focal adhesion kinase (FAK) to initiate downstream signaling events (Lu & Rounds, 2012) . These signaling events culminate in reorganization of the actin cytoskeleton; a prerequisite for changes in cell shape and motility, gene expression and pregnancy (Lele et al.; Salgia, 2009; Fabry et al.; Kaneko et al., 2011) .
Other studies have provided evidence to suggest that the structural links between actin filaments and integrins are regulated in at least some cell types, and it would not be unreasonable to hypothesize that agents known to alter cell behavior may do so by affecting the expression or function of actin binding proteins such as paxillin, and signaling molecules such as FAK which are recruited to focal adhesions (Kaneko et al., 2009; Mwakikunga et al., 2011) . FAs are dynamically assembled and disassembled by cells including uterine luminal epithelial cells (Hosie et al., 2008; Kaneko et al., 2008 Kaneko et al., , 2011 and these mechanisms are likely governed by the modulation of cross-talk between their constituent proteins, which influence their gene expression and morphology.
The assembly, disassembly and reorganization of FA proteins during early pregnancy are part of the process of plasma membrane transformation (Kaneko et al., 2011) . During implantation, FA proteins disassemble from the base of the epithelium to facilitate the detachment of the uterine luminal epithelium to allow the embryo to invade the endometrium. At the same time, they assemble and become localized apically to assist in the adhesion of the blastocyst onto the endometrium (Kaneko et al., 2011 (Kaneko et al., , 2012 .
Aromatase inhibitors were originally developed for the treatment of advanced breast cancer in postmenopausal women (Dukes et al., 1996) . Anastrozole is a selective and highly potent aromatase inhibitor (Mitwally & Casper, 2001) . Aromatase inhibitors can induce ovulation by preventing feedback by estrogen on the gonadotropin releasing hormone and gonadotropin secretion, leading to an increase in follicle stimulating hormone (FSH) and luteinizing hormone (LH) production, which stimulates ovarian follicular development and ovulation (Mitwally & Casper, 2002) . Aromatase inhibitors may act on critical amino acid residues in the aromatase active site and access channel to interfere with the enzyme activity and haem stability thus preventing the aromatization of androgens to estrogens (Lo et al., 2013) .
Anastrozole is clinically effective in ovulation induction (Karaer et al., 2005; Badawy et al., 2008) , but it has not been well researched (Tredway & Schertz, 2011) . Chlomiphene citrate (CC) is the first-line and most commonly used oral agent for the induction of ovulation (Casper & Mitwally, 2011) , but it is associated with low pregnancy rates (Nutu et al., 2010; Racette et al., 2010) . Understanding the effects of anastrozole on implantation in vivo enables manipulation of uterine receptivity to control fertility and to improve the outcome of assisted reproductive procedures (Karaer et al.) .
The aim of this study was to determine the effects of anastrozole on the gene and protein expression levels and localization of focal adhesion proteins, paxillin and FAK, in the rat uterine epithelial cells during implantation in vivo.
MATERIAL AND METHOD
Animals. The study was approved by the University of the Witwatersrand Animal Ethics Committee.
Forty female virgin Wistar rats were divided into 8 treatment groups of five: 15 mg/kg anastrozole, 1.25 mg/kg chlomiphene citrate (CC), carrier and untreated of day 1 and day 6 of pregnancy. Rats were housed in plastic cages at 21 o C under a controlled 12 hour light-dark cycle. They were provided with water and food ad libitum (Dukes et al.) .
Vaginal smears were obtained from all female rats to confirm that they had regular cycles for two cycles before drug administration (Singletary et al., 2005; Jaramillo et al., 2012) . Vaginal smear was done in the late afternoon (Kaneko et al., 2008) and rats in pro-oestrus were treated with the drugs or placebo then caged overnight with males of proven fertility. The morning of finding the vaginal plug or presence of spermatozoa in the smear was designated as day 1 of pregnancy (Kaneko et al. 2008) . Table I Treatment regimens: Groups 1 and 5 were left untreated (negative control). Groups 2 and 6 (carrier control groups) received the vehicle sterile saline. Groups 3 and 7 received a single dose of 15 mg/kg of body weight anastrozole in the proestrous phase intraperitoneally. Groups 4 and 8 received 1.25 mg/kg of body weight CC; n=5 in each group, all 0.2 ml intraperitoneal injections.
Rationale for the doses:
A daily dose of 1 mg/kg anastrozole for 5 days is the standard recommended dose in humans (Al-Omari et al., 2004) . A 12-14 week mature female Wistar rat weighs between 200-250g with a 4-day estrous cycle so a single dose of anastrozole administered at pro-estrus was deemed appropriate. Kilic-Okman et al. (2003) employed a similar regime using Letrozole. Earlier studies have suggested that the standard 1 mg/kg anastrozole of body weight dose is too low for optimal follicle recruitment and ovulation, so higher doses are recommended (Al-Omari et al. ; Casper & Mitwally) . The single 25 mg/kg anastrozole dose has been successful in inducing ovulation in mice and is associated with favorable embryo development (Karaer et al.) . However, in our preliminary work, a drug concentration study with anastrozole was carried out to determine the optimal dose to be used to superovulate and achieve pregnancy in the Wistar rats (Mwakikunga & Hosie, 2016) . This was found to be dose-specific, and the 15 mg/ kg anastrozole dose superovulated and achieved pregnancy the most; therefore, this dose was used in the subsequent experiments in this study. The CC dose was adopted from earlier studies (Hosie et al., 2003) and used as a comparison.
Drug preparation and administration:
The vehicle for all of the drugs was normal saline and each injection consisted of 0.2 ml normal saline including the drug per injection per rat. All injections were intraperitoneal. The 15 mg/kg body weight anastrozole dose was found to be the optimal dose for the preliminary dose response study whereas the 1.25 mg/kg of body weight, CC was used which was adopted from previous studies (Hosie et al., 2003) .
Tissue preparation: Pregnant rats were sacrificed on day 6 at the time of implantation using a lethal dose (0.35 ml) of Euthanase, intraperitoneally (1 ml/kg is recommended; Kyron Labs, South Africa). Once deeply unconscious, the abdominal cavity was opened and all rats to be sacrificed on day 6 of pregnancy were injected intravenously using the inferior vena cava with 0.1 ml of 1 % high molecular weight vital dye Pontamine sky blue (Sigma, St. Louis, MO, USA) in normal saline (0.9 % NaCl) (Pakrasi & Tiwari, 2007) , in order to distinguish implantation sites from non-implantation sites. This dye quickly localizes in the implantation sites due to increased vascularization and vascular permeability during early pregnancy (Psychoyos et al., 1995) . After removal of the uterine horns, implantation sites were counted and recorded. The uterus was cut into1cm pieces separating implantation and non-implantation sites for immunofluorescence and confocal microscopy and real-time quantitative polymerase chain reaction (qPCR).
Tissue processing and sectioning: Using standard procedures, samples for immunofluorescence and confocal microscopy were fixed in 10 % buffered formalin for 48 hours (Karaer et al.) , then placed in an automatic tissue processor ( (Faoláin et al., 2005; Karaer et al.) .
Immunofluorescence and confocal microscopy: The immunolocalization and double labeling protocol was adopted and modified from previous studies (Mohan et al., 2008; Kaneko et al., 2011; . De-waxed sections of uterus from each group were washed 3 times, 2 min each with PBS. This was followed by a 10 min incubation in 30 % H 2 O 2 (Sigma-Aldrich Co., St. Louis, MO, USA) in methanol to block endogenous peroxidase activity (Mwakikunga et al.) , and then washed 3 times, 2 min each with PBS. Sections were then permeabilized for 30 minutes in 0.1 % Triton-X 100 (Sigma-Aldrich Co., St. Louis, MO, USA) in PBS, and incubated for 30 minutes in blocking solution (5 % (v/v) normal goat serum (Sigma-Aldrich Co., St. Louis, MO, USA) in PBS. All primary and secondary antibodies were diluted in blocking solution (1:100) (Mwakikunga et al.) . Sections were incubated with primary antibodies rabbit monoclonal anti-FAK and mouse monoclonal anti-Paxillin (Abcam, Cambridge, MA, USA) for 24 hours at 4 o C (double staining) (Mohan et al.) . After washing with PBS 3 times 5 min each, sections were incubated with fluorescein isothiocyanate (FITC) conjugated AffiniPure Goat anti-mouse IgG secondary antibody (Abcam) and rodamine conjugated Goat anti-rabbit IgG secondary (Abcam) at a dilution of 1:100 (Mwakikunga et al.) for 30 min in the dark followed by 3 PBS washes of 5 min each. Sections were also counterstained with DAPI to label nuclei. Expression and localization of Paxillin and FAK were examined under the Zeiss LSM 780 confocal microscope (Carl Zeiss, Jena, Germany) and images were acquired using the Zeiss LSM software (Carl Zeiss, Jena, Germany). The focal adhesion protein expression levels and localization in the confocal images were scored using a scoring method modified from previous studies (Englund et al., 2001) as shown in Table II . A JMP10 software (SAS Institute, Cary, NC, USA) was used for the statistical comparisons of means of focal adhesion protein expression of paxillin and FAK among treatment groups using a oneway ANOVA followed by a Tukey-Kramer post hoc analysis. Differences were considered statistically significant when p < 0.05.
Real time quantitative polymerase chain reaction (qPCR):
In this study, the qPCR was performed for the quantitation of gene expression of the focal adhesion proteins paxillin and FAK in the uterine epithelial cells from day 1 and day 6 pregnant rats of all treatment regimes. Table III shows the primer sequences for the real-time qPCR.
SYBR green qPCR data analysis:
The 2-∆∆CT method was used to determine the gene expression fold change relative to the control (calibrator sample) following drug treatment regimes (Schmittgen & Livak, 2008) . The data (threshold cycle or ct values) were first normalized using the three reference genes β-actin, 18S rRNA and lactate dehydrogenase A; then the fold change was calculated (Schmittgen & Livak) . The JMP10 software was used to conduct statistical analyses on the data. A one-way ANOVA followed by a Tukey-Kramer post hoc analysis was performed to compare the means of normalized relative quantities (NRQ) between treatment groups. Differences were considered statistically significant when p < 0.05.
RESULTS

Paxillin and FAK:
Paxillin is localized in focal adhesions at the base of the uterine epithelial cells at day 1 of pregnancy whereas at day 6, paxillin disassembles from the basal focal adhesions and localizes and increases its expression apically as shown in Figures 1, 2 and 3. FAK is faintly expressed at the basal aspect of the uterine epithelial cells while moderately expressed at the cell-to-cell contact at day 1 in all groups from where it disassembles and relocates apically and becomes more intensely expressed at day 6 of pregnancy in untreated and anastrozole treated rats ( Figs. 1-3 ). Although paxillin is localized apically at day 6, its expression is significantly down-regulated with CC treatment suggesting its interference with the implantation process. However, there is a significant difference (p≤0.0001) in the expression levels of paxillin and FAK between untreated (control) and CC treated rats, anastrozole and CC treated rats at day 6 suggesting that CC appears to decrease their expression. Table II . A description of the scoring system for the focal adhesion protein expression and localization in the confocal images among treatment groups adopted from previous studies (Englund et al., 2001; Mwakikunga et al., 2011) .
Gene symbol
Gene name RefSeq GenBank Accession There is a significant difference in the expression levels of paxillin and FAK between untreated (control) and CC treated rats, anastrozole and CC treated rats at day 6 (p≤0.001) suggesting that CC appears to decrease their expression. No significant difference is noted between untreated and anastrozole treated rats at day 6 (p≥0.05), although the means for paxillin and FAK expression are higher in the anastrozole treated than in the untreated groups. (B) Graphical representation of paxillin and FAK localization in the uterine epithelial cells in pregnant rats. Paxillin is localized in focal adhesions at the base of the uterine epithelial cells at day 1 of pregnancy whereas at day 6, paxillin disassembles from the basal focal adhesions and localizes apically. FAK is faintly expressed at the basal aspect of the uterine epithelial cells while moderately expressed at the cellto-cell contact (lateral aspect) of the uterine epithelial cells at day 1 in all groups from where it disassembles and relocates apically and becomes more intensely expressed at day 6 of pregnancy in untreated and anastrozole treated rats. Although there is no significant difference (p≥0.05) between untreated and anastrozole treated rats at day 6, the means for paxillin and FAK expression are higher in the anastrozole treated than in the untreated groups. Paxillin and FAK do not co-localize in focal adhesions at the base of the epithelium at day 1, but they co-localize and increase their expression apically at day 6 suggesting their role in the implantation process. The non-immune controls (Fig. 2b) were used to validate and determine non-specific binding of the secondary antibody on other targets within the epithelium; there is no non-specific binding.
Relative quantification (RQ) analysis of paxillin and FAK gene expression in the uterine epithelial cells from day 1 and day 6 pregnant rats: At day 1 of pregnancy, paxillin gene expression is fairly similar (1.02-fold increase) in the anastrozole treated rats relative to the calibrator sample (day 1 untreated rats). This is also true for FAK gene expression (1.02-fold increase). Paxillin gene expression is slightly down-regulated (0.59-fold decrease) in the CC treated group when compared to the calibrator sample. This is also true for FAK gene expression (0.64-fold decrease) as shown in Tables IV, V and Figure 4 . Notably, at day 6 of pregnancy, paxillin and FAK gene expression are significantly up-regulated (more than 1.5-fold increase) (p≤0.0001) in the implantation and non-implantation sites in the anastrozole treated group relative to the calibrator sample (Tables IV, V and Fig. 4) . A significant increase in the paxillin gene expression is also noted in the day 6 implantation sites in the untreated group (more than 1.5-fold increase) (p≤0.0001) while it has remained similar (1.32-fold increase) in the nonimplantation sites relative to the calibrator sample (Fig. 4) . On the other hand, paxillin is down-regulated with CC treatment at day 6 in implantation sites (0.92-fold decrease) and non-implantation sites (0.89-fold decrease) relative to the calibrator sample. Interestingly, CC seems not to downregulate FAK gene expression in implantation and nonimplantation sites at day 6 (1.57-fold increase and 1.25-fold increase respectively) when compared to the calibrator sample as shown in Table V and Figure 4 . In general, there is an increase in paxillin and FAK gene expression as pregnancy progresses, asreflected in the immunofluorescence experiments.
DISCUSSION AND CONCLUSIONS
In this study, paxillin is localized in focal adhesions at the base of the uterine epithelial cells at day 1 of pregnancy whereas at day 6, paxillin disassembles from the basal focal adhesions and localizes and increases its expression apically. Additionally, FAK is faintly expressed at the basal aspect of the uterine epithelial cells while moderately expressed at the cell-to-cell contact at day 1 in all groups from where it disassembles and relocates apically and becomes more intensely expressed at day 6 of pregnancy in untreated and anastrozole treated rats. Although paxillin is localized apically at day 6, its expression is significantly downregulated with CC treatment (p≤0.0001) suggesting its interference with the implantation process. However, there is a significant difference in the expression levels of paxillin Fig. 4 . Graphical representation of paxillin and FAK gene expression in luminal uterine epithelial cells in pregnant rats. There is a significant difference in the gene expression levels of paxillin and FAK between untreated (control) and CC treated rats, anastrozole and CC treated rats at day 6 (p≤0.001) suggesting that CC appears to decrease their expression. No significant difference is noted between untIn this study, paxillin is localized in focal adhesions at the base of CT -threshold cycle, SEM -standard error of the mean, * -endogenous control, ** -calibrator sample. ∆CT = CT (Target) -CT (Endogenous control). ∆∆CT = ∆CT (Target -∆CT (Calibrator). Table IV . RQ analysis of paxillin gene expression in the luminal surface uterine epithelial cells of day 1 and day 6 of pregnant rats. A fold change of 1.5 or more represents a significant difference in gene expression. and FAK between untreated (control) and CC treated rats, anastrozole and CC treated rats at day 6 (p≤0.0001) suggesting the interpretation that CC appears to decrease their expression. Although there is no significant difference between untreated and anastrozole treated rats at day 6 (p≥0.05), the means for paxillin and FAK expression are higher in the anastrozole treated than in the untreated groups. Paxillin and FAK do not co-localize in focal adhesions at the base of the epithelium at day 1, but they co-localize and increase their expression apically at day 6 suggesting their role in the implantation process.
With regard to the paxillin and FAK gene expression experiments in this study, at day 1 of pregnancy, paxillin gene expression is fairly similar (1.02-fold increase) in the anastrozole treated rats relative to the calibrator sample (day 1 untreated rats). This is also true for FAK gene expression (1.02-fold increase). Paxillin gene expression is slightly down-regulated (0.59-fold decrease) in the CC treated group when compared to the calibrator sample. This is also true for FAK gene expression (0.64-fold decrease). Notably, at day 6 of pregnancy, paxillin and FAK gene expression are significantly up-regulated (more than 1.5-fold increase) (p≤0.0001) in the implantation and non-implantation sites in the anastrozole treated group relative to the calibrator. An increase in the paxillin gene expression is also noted in the day 6 implantation sites in the untreated group (more than 1.5-fold increase) while it has remained similar (1.32-fold increase) in the non-implantation sites relative to the calibrator sample. On the other hand, paxillin is downregulated with CC treatment at day 6 in implantation sites (0.92-fold decrease) and non-implantation sites (0.89-fold decrease) relative to the calibrator sample. Interestingly, CC seems not to down-regulate FAK gene expression in implantation and non-implantation sites at day 6 (1.57-fold increase and 1.25-fold increase respectively) when compared to the calibrator sample. In general, there is an increase in paxillin and FAK gene expression as pregnancy progresses, as reflected in the immunofluorescence experiments.
FAK is phosphorylated on tyrosine residues upon integrin-mediated adhesion to a substratum (Zhao & Guan, 2009) . FAK phosphorylation at tyrosine 397 (Y3a7) leads to recruitment of Src and Src-family kinases as well as to an increased phosphorylation of other focal adhesion proteins such as paxillin (Mitra et al., 2005) . Other studies have demonstrated that site-specific FAK phosphorylation is also triggered by mechanical forces and determines physiological cellular responses to shear stress and cyclic stretch. In these studies, FAK has been noted to have multiple phosphorylation sites, making it an ideal anchor for participating in mechanotransduction (Cabodi et al., 2010) . Similarly, some studies have found that FAK associates with multiple cell surface receptors and is at a point of convergence of integrin and growth factor mechanical signaling pathway (Long et al., 2010) .
Moreover, FAK stabilizes the cytoskeleton by promoting focal adhesion turn-over through a rho-kinase (ROCK)-dependent pathway (Nehru et al., 2013) . FAK is important in maintenance of normal cell survival and disruption of FAK signaling results in loss of substrate adhesion and apoptosis of anchorage-dependent cells such as endothelial cells (Lu & Rounds, 2012 cell adhesion to integrins via PI3 kinase/AKt signaling (Lu & Rounds) . FAK is, therefore, a key component of focal adhesion complexes (Lu & Rounds) . On the contrary, other studies suggest that FAK does not regulate focal adhesion formation (Gilmore & Burridge) .
Of special note, progesterone enhances vascular endothelial cell migration via activation of FAK (Zheng et al., 2012) . Additionally, progesterone has been seen to enhance breast cancer cell motility and invasion via extranuclear activation of FAK (Fu et al., 2010) . This means that progesterone can regulate FAK activities. This is consistent with the findings of the present study in which the high FAK expression on the apical uterine epithelium together with paxillin, in the anastrozole and control groups coincides with the implantation period, which is also progesterone controlled. Taken together, these findings demonstrate that anastrozole appears to enhance the uterine receptivity during implantation.
While it is also interesting to note from the results of the present study that CC seems not to down-regulate FAK gene expression in implantation and non-implantation sites at day 6 (1.57-fold increase and 1.25-fold increase respectively) when compared to the calibrator sample, CC appears to down regulate FAK protein expression at day 6 of pregnancy. This discrepancy in the results raises the question of the normal molecular dogma of DNA-mRNAprotein. However, it could be argued that this is one of the limitations of real-time qPCR in that detection of the presence of an mRNA provides no information on whether that mRNA will be translated into a protein or indeed whether a functional protein is translated at all (Derveaux et al., 2010) . This means that some of the FAK mRNAs might have not been translated into functional proteins in the day 6 CC treated animals, and thus their increased gene and decreased protein expression. Moreover, earlier studies have suggested similar reasons (Derveaux et al.) . It follows, therefore, that not all mRNAs are translated into proteins, and thus the decreased FAK protein expression in the CC treated rats at day 6 in the immunofluorescence experiments in this study, which might affect the attachment of blastocysts onto the uterus during implantation. Moreover, CC reduces endometrial thickness (Lacin et al., 2001) , blood flow, morphological abnormalities in the rat uteri, embryo development and pregnancy rates (Bao et al., 2009) suggesting that CC may disrupt blastocyst implantation, and thus associated with low pregnancy rates (Nutu et al.; Reefhuis et al., 2011) .
If this study had found that CC significantly increased FAK protein expression, the question of whether this specific biological change interferes with implantation and pregnancy rates would still be a matter of debate.
Moreover, FAK and vinculin have been shown to strengthen cellular stiffness in mouse embryonic fibroblasts (Klemm et al., 2009) . FAK is also known to be crucial in the coordination of the appropriate mechanical properties to cell-cell contacts through cadherin-catenin-actin interactions in which focal adhesions sense the physical properties of the extracellular matrix (ECM) and organize the cytoskeleton accordingly (Quadri, 2012) . Other studies have suggested that FAK is a mediator of crosstalk between integrin-mediated FAs and intercellular adherens junctions (Zachary, 2003) . This clearly shows that FAK is at the centre of focal adhesion assembly and activation (Kaneko et al., 2012) and therefore, anastrozole might positively affect its expression and activities during implantation.
Immunofluorescence and focal adhesion localization studies done in rats during early pregnancy have revealed that FAK does not localize at the site of focal adhesions, instead it is localized to the site of cell-to-cell contact and colocalize with ZO-1 at day 1 of pregnancy (Kaneko et al., 2012) . At day 6 of pregnancy, FAK expression increases at the apical region of the rat uterine luminal epithelial cells, regulated by progesterone (Kaneko et al., 2012) . It is not surprising, therefore, to see in the current study that FAK re-locates and increases its expression apically in the rat uterine epithelial cells at day 6 in both untreated and anastrozole treated rats. Moreover, Junctional barrier complexes undergo major alterations during the plasma membrane transformation of uterine epithelial cells in early pregnancy (Murphy, 2000) . The implication of these morphological and molecular alterations is to have reduced paracellular permeability by the time of blastocyst attachment while the epithelial cells are less firmly attached to each other, and to their extracellular environment (Murphy) . Taken together, there is assembly and disassembly of the cytoskeleton in uterine epithelial cells during implantation.
Tyrosine phosphorylation is also an important element in paxillin dynamics at FAs (Hu et al., 2006) . FAK is targeted to the FA complexes via direct binding to paxillin (Liu et al., 2002) and p130Cas (Polte & Hanks, 1997) . Multiple interactions between FAK, Src, p130Cas, and paxillin regulate the dynamic FA assembly and disassembly, as reviewed by Playford & Schaller (2004) . Disruption of these interactions causes cell detachment (Playford & Schaller; Zouq et al., 2009 ). Furthermore, earlier hormonal studies done on rats have demonstrated that paxillin expression is along the basal cell surface of the uterine epithelial cells with estrogen treatment (Kaneko et al., 2009 ). On the other hand, there is a reduction or no staining of paxillin at the basal surface of uterine epithelial cells with progesterone treatment, which is also observed at the time of implantation (Kaneko et al., 2009) . This is in agreement with the observation in the current study in which paxillin is seen to disassemble from the basal surface of the uterine epithelial cells then relocates and increases its expression apically at day 6 of pregnancy in untreated and anastrozole treated rats. The implication of this could be for the blastocyst to easily invade the endometrium.
In conclusion, the immunofluorescence and gene expression findings of the focal adhesions proteins, paxillin and FAK, which are uterine receptivity markers, appear to demonstrate that anastrozole is implantation friendly. Anastrozole may be a suitable alternative drug used for hyperovulation or just to promote fertility in patients, particularly those suffering from polycystic ovary syndrome or are unresponsive to chlomiphene citrate (CC). RESUMEN: Para reemplazar el citrato de clomifeno (CC) es necesario un inductor de hiperovulación alternativo, ya que no es adecuado para mujeres con síndrome de ovario poliquístico y está asociado con tasas bajas de embarazo. El anastrozol es un inductor eficaz del hiper-ovulador, pero no se ha investigado adecuadamente. Con el fin de determinar la efectividad del anastrozol como inductor del hiper-ovulador y, en cierta medida, compararlo con CC en situaciones similares, este estudio determinó los efectos de estos fármacos en la expresión de las proteínas de adhesión focal, paxillin y FAK, uterinas marcadores de receptividad en la superficie luminal de células uterinas epiteliales, del día 1 y día 6 en ratas Wistar preñadas. Los resultados muestran que la paxilina se localiza en adherencias focales en la base de las células epiteliales uterinas en el día 1 del embarazo, mientras que en el día 6, la paxilina se desmonta de las adherencias focales basales y localiza y aumenta su expresión apicalmente. FAK se expresa débilmente en el aspecto basal de las células epiteliales uterinas, mientras que se expresa moderadamente en el contacto de célula a célula en el día 1 en todos los grupos, donde se separa y se reubica apicalmente y se expresa con mayor intensidad el día 6 de la preñez, en pacientes no tratados y tratados. ratas tratadas con anastrozol. Aunque la paxillina se localiza apicalmente en el día 6, su expresión está significativamente disminuida con el tratamiento con CC, lo que sugiere su interferencia con el proceso de implantación. Estos hallazgos sugieren que el anastrozol podría favorecer el proceso de implantación.
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